Very small angle neutron scattering studies have been made on Intact nuclei under a variety of solution conditions. Scattering maxima are observed at 30 to 40 nm and at 18 nm in most environments. Although the spacing, intensity and presence of the maximum near 40 nm varies considerably with environment the 18 nm 1s rather constant. The 30 to 40 nm maximum appears to be best interpreted by the presence of 35 to 50 nm diameter fibers 1n nuclei. An important result is that no scattering maximum was observed near 11 nm, suggesting that a tightly super colled nucleofilament with such a pitch is not present.
INTRODUCTION
Characteristic small angle scattering maxima at equivalent Bragg spacings near 11 and 5.5 nm (1 ,2) occupied an important part 1n studies of chromatin structure. Even though several rather different explanations for the origin of these maxima have been put forward (3, 4, 5, 6) their presence has helped to show that DNA was coiled in chromatin (2, 3) and to suggest a nucleosome subunit organization (7). Likewise, the existence of very small angle maxima near 40 and 20 nm (8, 9) are Indicative of aspects of the super structure having dimensions similar to these spacings. These very small angle maxima were the first evidence that chromatin had a regular higher order structure (8, 9) and was not a random flexible chain. The very small angle reflections may also have several different explanations which we will briefly discuss.
Our main purpose here is to describe small angle neutron scattering experiments on Intact nuclei and on chromatin. In nuclei we also observe characteristic maxima near 40 and 20 nm spacings. The variation and disappearance of these maxima with the environmental conditions will imply which procedures are to be avoided 1f the native super structure is to be maintained.
While studying the small angle region of the nuclei scattering, it is also of interest to look for a 11 nm maximum as the solenoid (5), a tight 11 nm pitch super helix, is based upon the observation of this peak in chromatin gels, but it has not been well documented in nuclei.
MATERIALS AND METHODS
Nuclei were isolated from fresh calf thymus with the method of Panymin, Bilik, and Chalkley (10), except that Tr1ton-X was omitted and the washing medium contained 2 mM instead of 10 mM MgCl 2 . After the 2.4 M sucrose pelleting the nuclei were suspended in .25 M sucrose. 10"^ M PMSF was added to most media but its presence did not alter the neutron scattering results. Nuclei were studied either suspended in various media at a concentration of a few percent chromatin or were examined after pelleting at 1,000 g for 15 minutes to a concentration of about 20 %.
Phase examination and electron microscopy showed that more than 95 % of our nuclei were intact and largely free of cytoplasmic contamination (see figure 1) .
Chromatin was prepared by diluting nuclei to a chromatin concentration of .5 % in 1 mM NaCl with, or without a 12 hour mechanical stirring at 4° C.
Rat liver nuclei were prepared by Dr. M. Leval with the method of Leval and Bouteille (11) . The medium contained PMSF 10" 4 M. Electron micrographs of these preparations can be found in ref. (11) . Chromatin concentrations were obtained by diluting in 1 % sodium lauryl sulfate and .1 M NaCl, and determining the optical density at 260 nm.
Electron microscopy was carried out on peleted nuclei after formaldehyde and osmium fixation, alcohol dehydration and embedding in methacrylate. 50 nm thick sections were then stained with uranyl acetate and lead citrate (12). The neutron scattering on calf thymus nuclei was performed on the Dll diffractometer built by K. Ibel (13) very small angle scattering was approximately the same before and after subtraction since the high chromatin concentrations used gave a scattering several fold larger than that of a sample holder filled with water.
Rat liver nuclei were studied at the C.E.N. Saclay with a ring detector diffractometer described by Cotton et al. (T*)-Experiments were performed at 4° C over a period of several hours. The scattering curves ( fig. 3 ) are smeared by a AA/A of 30X, consequently the actual maxima would be somewhat sharper and shifted to -vlOS larger spacings.
RESULTS AND DISCUSSION
Very small angle maxima at about 40 and 18 nm are observed in the scattering from nuclei in environments which resemble those in situ. The ced after correction for the 10 % wavelength and 10 S collimation smearing.
That they are clearly due to the scattering from nuclei is shown by their absence under different ionic environments (see Table 1 ). In Table 1 our results concerning the presence or absence of the 40 and 18 nm maxima are given for the various envirnmental conditions studied. The spacing and sharpness of the first scattering maxima (the one at the small values of h, or at larger spacings) is quite sensitive to the environmental conditions. Calf thymus nuclei pelleted at 1,000 g for 15 min. display a strong maxima near 38 nm while nuclei 1n a suspension at 10X lower concentration yield a broad maxima near 45 nm. Concentration into a pellet probably reduces the nuclear volume. Nuclei suspended in the absence of sucrose appear swollen in the phase microscope and do not exhibit a maximum at spacings larger than 20 nm. The difference between the spacing of the first maxima from rat liver and calf thumus nuclei (about 20$) may be due to Inherent structural differences, or to the slightly different modes of preparation. The first scattering maximum is similar at 0.1 and 1 mM MgCl-but sometimes 1s absent at higher divalent ion concentrations.
It 1s important to note that the maxima at ^ 18 nm does not vary much over the range of conditions studied, but disappears 1n .65 M NaCl.
Chromatin when isolated without mechanical stirring can also yield strong characteristic maxima at the same spacings of intact nuclei (8, 9) . However, after mild nuclease digestion these maxima, characteristic of some aspects of the native super structure in the nucleus, were never observed (15, 16) .
Scattering angles corresponding to spacings of up to 120 nm were studied. No other maxima at larger Bragg spacings were detected.
As shown 1n figure 3, the very low angle maxima are prominent in 40% DpO where the neutron scattering from proteins is contrast matched. It is clear then that a non-chromatin associated protein component in the nucleus 1s not responsible for the maxima; conversely DNA 1s making a major contribution.
Interpretation for the origin of the very small angle maxima.
Fibers having diameters between 35 and 50 nm are the most prevalent structural entity seen in freeze fracture replicas (17, 18) and in recent classical electron micrographs (19) of nuclei and chromatin in the presence of divalent ions. The scattering from a gel or solution of cylinders or bundles of fibers having an outer diaireter of 35 to 50 nm will exhibit a maximum at spacings between 25 and 40 nm and a second one near 18 nm (see ref. 20 for example). Although this 1s the explanation most consistent with all our results, others are possible and will be briefly considered. An 11 nm maximum is not observed in the neutron scattering from nuclei under the environment conditions so far studied by us (see figure 3 and  table 1). If, as suggested by several authors (4, 5, 6 ) the 11 nm maximum arises from a tight super helix or solenoid with a corresponding pitch of •^ 11 nm, the results strongly suggest that such structures are rare or absent in nuclei.
Our results do not conflict with most studies reporting the 11 nm maximum, as these were carried out on isolated chromatin, but they are not in accord with one X-ray study of nuclei (22) . In this study (22) it may have been difficult to measure well a maximum on a film which was superimposed on the central parasitic scatter; in addition scattering curves were not presented. Consequently, direct comparison 1s difficult; still it 1s possible that an 11 nm maximum would be present at conditions different from those we employed. In any case, with gels of isolated chromatin the first scattering maximum 1s observed near 11 nm at concentrations of about 40%, but 1t 1s at 13 nm at concentrations of 10-20$ (21, 16) and 1s shifted toward 20 nm upon further dilution (23).
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